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I .  
I .  Excitat ion and Damping of  Drift iiaves 

I 

A. Y. Wong and R. Rowbery 

Department of Physics, University of  Ca l i fo rn ia  

Los Angeles, Ca l i fo rn ia  

In  an inhomogeneous plasma immersed i n  a magnetic f i e l d ,  t he re  a r e  

Such waves waves assoc ia ted  with the  density and temperature gradients .  

are e l e c t r o s t a t i c  i n  na ture  and propagate i n  a d i r ec t ion  perpendicular , 

r 

t o  both the  magnetic f i e l d  and the gradients.  There have been ex- 

and experimental observations 

\... 

4-9 t ens ive  t h e o r e t i c a l   calculation^^-^ 
regarding these waves i n  the  unstable regime. However the  damping of  

t hese  waves i n  t he  stable regime has not  been invest igated.  

purpose of t h i s  paper t o  report  t he  exc i t a t ion  and damping of such 

d r i f t  waves i n  t h e  s t a b l e  regime i n  a highly ionized plasma.10 ' The 

e x c i t a t i o n  of small amplitude waves (g c - 0.1) permits one to  ve r i fy  

t h e  dispers ion r e l a t i o n  derived from a l inea r i zed  theory as i n  the  case 

of ion acous t ic  waves. 

It is  the 
- 

11 

This experiment makes use o f  the  c h a r a c t e r i s t i c  of the  d r i f t  wave 

t h a t  it is a standing wave i n  the ax ia l  d i r ec t ion  and a propagating wave 

i n  the  azimuthial  d i rec t ion .  Thus a f t e r  the wave is exc i ted  t o  s teady 

s t a t e ,  the exc i t a t ion  s igna l  is withdrawn and the  temporal damping i s  

measured. This measurement i s  meaningful because the  wave does not pro- 

pn-.te away from the  observation region. The experiment is conducted 

on a Q-device" which produces a potassium plasma confined a x i a l l y  by 

- 

a hot  tungsten p l a t e  a t  one end and a cold tantalum p l a t e  a t  the  other.  
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The plasma column length is  adjustable between lOOcn and 65cm by moving 

e i t h e r  end. Radially, t h e  plasma is confined by an axial magnetic f i e l d  

and has a diameter of 2.5cm. 

conditions (1010~n<7x1010 and 1.2Klil 1 <Plate< 1.5KIV and s u f f i c i e n t l y  high 

magnetic f i e l d )  such t h a t  t he  hot end p l a t e  is e l ec t ron  r i c h  and the  n a t u r a l l y  

occurring background f luc tua t ions  have s t r eng th  s .01. The d r i f t  wave 

w a s  exc i t ed  by i n s e r t i n g  a f loa t ing  2cm x 2cm tungsten gr id  (.0025cm 

The experiment was performed under s u i t a b l e  

Power-* 

eo 

diameter wire and .05cm spacing) i n t o  the  plasma nea r  t h e  maximuiii dens i ty  

grad ien t ,  t h e  g r id  plane being p a r a l l e l  t o  t h e  axial d i rec t ion .  Figure 1 

shows a t y p i c a l  excited wave and i ts  temporal damping when the  exc i ted  

s i g n a l  i s  withdrawn. 

t h e  wave travels azimuthally i n  the  d i r ec t ion  of  t h e  e l ec t ron  diamagnetic 

?hase measurements with Langmuir probes show t h a t  

d r i f t  and exh ib i t s  an m = 1 cha rac t e r i s t i c .  This wave reverses its 

d i r e c t i o n  upon reversa l  of t h e  magnetic f i e l d .  

e x c i t a t i o n  indeed corresponds t o  t h e  n a t u r a l l y  exc i ted  frequency i n  t h e  

The optimium frequency of 

uns tab le  regime as dens i ty  o r  end-plate sheath conditions a re  changed. 

Under our experimental conditions i n  which kzXmfp << 1, W T ~ ~  << 1, 

i s  the  wave number along B ,  X i s  t h e  e l ec t ron  
-+ 

and ufee << 1, where k 

or ion  mean free path,  w is  the e x c i t a t i o n  frequency, T~~ i s  the  e lec t ron-  

ion  c o l l i s i o n  t i m e  and T 

have employed f l u i d  equations f o r  both ions and the  e l ec t rons  i n  t h e  

manner of Ploiseev and Sagdeev' and Chen 

expression f o r  t h e  des t ab i l i z ing  term f o r  kLRL<<l 

z mfP 

i s  the  e lec t ron-e lec t ron  c o l l i s i o n  time, we ee 

2 and have derived the  following 
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where 

k = axial, azimuthal 

RL = ion cyclotron radius  

wave number resp. kZ, 1. 
v 

m = azimuthal mode number 

= e lec t ron  ion c o l l i s i o n  frequency e i  

m bl = e lec t ron ,  ion mass respect ively y = r a t i o  of s p e c i f i c  hea ts  e' 

In the  s t a b l e  regime t h i s  des tab i l iz ing  tdrl w is saaiier th:>n the  d q i n g  
6 

term wo which most probably a r i s e s  from losses  due t o  r e f l ec t ion  from the  

end p la tes .  We have chosen as experimental parameters t he  a x i a l  magnetic 

f i e l d  B and the  column length L which changes un(a-$ appreciably but  

leaves wo r e l a t i v e l y  unaffected.  

L2 
" B  

Thus the  measured ove ra l l  damping rate 

Figures 2a and 2b show the  va r i a t ion  

13 
- w ) var ies  p r inc ipa l ly  w i t h  w 

(wo g e* 
of damping rate as function of 8 and L. 

The discrepancy i n  Fig. 2a is increasingly la ree  a t  lower magnetic 

f i e l d  where kcRL -c 0.3. 

overa l l  d q i n g  first decrease as B is  lowered then increase again when 

B is lowered f u r t h e r  beyond 1400-1700 gauss. 

In f ac t  during ce r t a in  runs we have seen the  

The discrepancy can be 

a t t r i b u t e d  t o  the  fact t h a t  laree Larmor radius effects have not been 

included i n  the present  theory.14 The var ia t ion  of damping with column 

length i n  Fig.  2b seems t o  ind ica te  t h a t  r e s i s t i v e  effects are important. 

Col l i s ion less  damping would have required a l i n e a r  dependence on L. 6 

We have a l so  observed t h a t  t he  damping decreases with increas inz  

dens i ty  and decreasing end-plate power which cont ro ls  the  plasma temperature. 

Since v 0 /T3/2 t h i s  fact qua l i t a t ive ly  agrees with the  theo re t i ca l  

p red ic t ion  o f  o - uei. 

varies with the  exc i t a t ion  amplitude when 

at  - 0 30% 

e i  

Final ly  it is observed t h a t  t he  damping r a t e  

z 203. The dampin? rate 
2 

e+ 

e3 
KT is i n  fact twice as l a r s e  as t h a t  a t  = 10%. This 
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experimental fact points  out t h a t  one must be ca re fu l  i n  using a 

l inear ized  theory t o  i n t e r p r e t  quas i l inear  or  nonl inear  e f f e c t s  of d r i f t  

waves. 

In conclusion, we have demonstrated t h e  exc i t a t ion  of d r i f t  waves 

whose damping can be explained p a r t i a l l y  by a f l u i d  theory including 

r e s i s t i v i t y ,  

d i f f e r e n t i a t i o n  between co l l i s ion le s s  and r e s i s t i v e  damping and an 

inves t iga t ion  of the  t r a n s i t i o n  from l i n e a r  t o  quas i l i nea r  regimes. 

This present  method of exc i t a t ion  promises a quan t i t a t ive  
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13. In making the  quan t i t a t ive  comparison between theory and experiment, w e  have 

used w 

column length for which w 

necessary t o  assume k, = 2~ . 

the  measured damping a t  t he  highest  magnetic f i e l d  o r  the  sho r t e s t  
0' 

is small ,  as the  s t a r t i n g  poin t .  I t  i s  a l so  
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. Figure  Captions 

1. The s igna l  i s  applied by a tone bu r s t  generator t o  a f loa t ing  2 cm x 2 cm 

g r i d  placed a t  the  densi ty  gradient m a x i m u m  and t h e  wave i s  received by a 

Langmuir probe a l so  placed a t  t h e  dens i ty  gradient maximum but a x i a l l y  

displaced. 

2a. Damping r a t e  (wi = w - w ) as a function of axial magnetic f i e l d .  The 
o g  

dens i ty  i s  7 x l o l o ,  temperature i s  2250°K, and column length i s  100 cm. 

The exc i t a t ion  frequency (10 - 20 KC) var ies  approximately as B and is  

dependent upon the  end p l a t e  temperature and i t s  gradient .  

-1 

10 2b. Damping r a t e  as a function of column length.  

temperature i s  2300°K, magnetic f i e l d  i s  1700 gauss. 

The densi ty  is 6 x 10 /cc ,  
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